The paper tries to study the potential impact of US shale gas revolution on the GCC petrochemical production. The paper was divided into four main sections; the first section focused on the history of shale gas production and reasons behind its boom. The study found that shale gas boom came after development of drilling methods that combined horizontal drilling with hydraulic fracturing, side by side with the improvement to hydraulic fracturing or "fracking". These developments enabled companies to drill into 10.000 feet deep and then deep horizontally to drill shale rocks. The second section presented the development of shale gas production and its impact on US energy market. The study found that shale gas production in large amounts led to a decrease in US natural gas prices. The downturn of natural gas prices gave life back for the petrochemical industry in the United States.
Introduction
Shale gas production is not new but nobody believed in it as a source of potential reserves before. Historically, there has been no real desire to develop shale gas reserves, as it was simply perceived as a source and seal rocks. In addition, after discovering that hydrocarbon remains bound in the shale rocks and they work as reserves, yet developing gas from shale rocks was not economically attractive. Today after its boom, experts look at shale gas as a "game changer".
(Marcus, 2012) as it will be able to push the natural gas prices down, specifically after the development of drilling technology which increased the production from 1% to 20% between 2000 and 2010.
In fact, the boom was backed by many reasons; the first started during the 80s and 90s when the US Department of Energy (DOE) funded some projects aiming at developing the usage of well drilling and hydraulic fracturing. Efforts were crowned success as it led to the development of drilling methods that combined horizontal drilling with hydraulic fracturing inorder to gather natural gas from organic shale. This new drilling method took place in parallel with developments in 3D fracturing simulators and computing power where the extraction of huge amounts of shale gas becomes an easy task. (James G. Speight: 2013, 25-28) The new method allowed producers to expand the amount of shale exposed for extraction.
The second factor that helped in increasing shale gas production is the improvement to hydraulic fracturing or "fracking". Fracking is considered as the process that maximizes the output of natural gas and oil wells to make them productive through pumping a mixture of water, sand and small amount of chemicals into gas formation that is located underground in order to help in increasing pressure. The increased pressure fractures rock layers to release oil and gas reserves, where the sand holds the fractures open to continue allowing the flow of oil and gas into the well. When the gas is being flowed out of the well it brings with it the mixed water that was pumped then the water is separated from the gas at the surface and then it is sent to deep injection wells for disposal as figure 1 illustrates.
Figure 1: Geology of Shale Gas and Conventional Natural Gas
Source: U.S. Energy Information Association, 2012
Shale gas became an important and profitable source of energy owing to the advanced drilling and production methods. Moreover, shale gas mostly occurs in continuous formations unlike conventional natural gas and oil, which makes the shale gas development and production closely related to manufacturing operations than the process take place in producing conventional gas and oil.
Therefore, shale gas share out of all natural gas production increased from 1.6 % in 2000 The US Department of Energy indicated in its Annual Energy Outlook of 2012 that total unproved shale gas resources have more than quadrupled since 2006 to reach 482 trillion cubic feet at the end of 2011, representing 22% of total U.S. unproved natural gas resources. Again, the DOE in its Annual Energy Outlook of 2013, mentioned that Shale gas production, which cumulatively will grow by 113 % from 2011 to 2040, is the greatest contributor to natural gas production. So shale gas share of total production is estimated to increase from 34 % in 2011 to 50 % in 2040. No doubts that such an increase in shale gas production lowered the prices of the natural gas, and accordiLNGy foster the growth for industrial production and energy consumption in the US. (EIA, 2013).
Figures 3: Annual Shale Gas -Trillion Cubic Feet
Source: EIA and Lippman Consulting, 2013
Due to increased production and decreasing cost, shale gas introduced itself as solution for the efforts to secure lower risk/cost gas supplies, which decreased the need to import gas. As it is illustrated in figure 4 , the high rate of consumption of natural gas in US has increased the natural gas imports to reach 2 trillion cubic feet in 2011. However, the boom in shale gas production reduced natural gas prices in US and made it attractive market, increasing the estimated US exports of natural gas to 12% in 2040, despite the high rates of local consumption. 
Shale Gas and U.S. Petrochemical Industry
The industry of chemicals witnessed enormous discoveries since the second half of last century; these discoveries included PVC plastic, nylon, synthetic rubber and polystyrene. A large percentage of gas consumption (around 46%) is directed to chemicals and refining industry.
Ethylene is considered as a key component in manufacturing plastics and other chemical products, beside some other intermediates such as propylene, butadiene and benzene. The production of ethylene and other intermediates is based on the two kinds of feedstocks, the first one is naphtha, which is being produced from oil. The second, is Natural Gas Liquids (LNG) like ethane, propane and butane. The shale gas is mainly composed of Natural Gas 'Methane', and LNG 'Ethane and Propane', which means that shale gas revolution had its own impact on chemical industry through driving down prices of essential feedstocks for petrochemical industry, especially ethane.
USA petrochemical industry traditionally depended on naphtha, produced from oil, to produce ethylene, propylene, butadiene and benzene after a steam cracking process, and that was somewhat very expensive. The US chemicals industry was expected to face a real challenge on the long-term due to high cost, where Companies such as Dow Chemical were expecting to shift their future investments toward the Middle East but after the boom, the situation changed upside down. The natural gas prices were the first to be affected by the revolution as their prices went down 68%. Figure 5 illustrates how the natural gas prices in the US started to take a down trend in comparison to other countries. Also figure 5 shows that the natural gas prices in the United States were regarded as one of the lowest in the world by 2012. However, the natural gas prices in Saudi Arabia are still lower at $0.75 per million BTUs in stable market while the prices in the US were at $3 per million BTUs, but still the fact is that the US is back from a decade of really high prices. (EIA,
2013)
The US petrochemical industry did not depend so much on LNGs as a feedstock to produce ethylene and propylene due to the high prices of natural gas, but that changed directly after the shale gas revolution increased the available amounts of LNGs as ethane and propane as shown in figure 6 . which pushed the shale gas impact to override the high prices of natural gas and its effects on the petrochemical industry in the US. The global competitive landscape for the petrochemicals industry has been reshaped due to lower prices of natural gas and feedstock owing to shale gas exploration boom. The new natural gas prices in the US pushed the petrochemicals industry total cost to some levels lower than that in Latin America, Europe, and even China. By that, the US market will be able to earn an advantage over many markets around the world in the production of petrochemicals.
AccordiLNGy many international petrochemical companies started to establish some of their projects in the American market to take advantage from the growth of natural gas due to shale gas production. Also, The Energy Information Administration "EIA" estimates that the American market will have 14 new projects to produce ethane and propane with a capacity of 10.1 million metric tons annually. By time, petrochemical industries were developed and heavily progressed. As shown in figure 9 , the GCC petrochemicals companies are now ranked as the first worldwide in monoethylene glycol production capacity with (29%), while ranked third in methanol capacity (12%), fourth in ethylene capacity (15%), polypropylene (12%), and finally the fifth in both the polyethylene capacity (12%), and the propylene capacity (7%).
On the other side, petrochemical production has shown significant growth during the period from 2007 to 2011 in the whole world in general, and in the GCC countries more specifically. As shown in figure 10, GCC countries scored the highest capacity growth rate for polypropylene (24.8%), propylene (27%), urea (6%), and ethylene (15.7%) during this period.
Total GCC petrochemicals capacity grew by 10% in 2011 reaching 121 million tons annually, The second reason behind the importance of the industry to the GCC countries is that the industry was established initially to add further value to certain low-value product streams, arising out of crude oil refining and natural gas processing, especially that those downstream products are less exposed to market fluctuations like oil and gas prices. Figure 12 shows that share of petrochemical industries in the manufacturing sector in the GCC have increased from 13.9% in 2007 to 17% in 2011. The manufacturing sector accounts for 15% in GCC GDP, although, it might seem small percentage, but its importance is backed to job creation on the short run and as an engine of development on the long run after oil and gas depletion.
Figure 12: Petrochemicals contribution to GDP in GCC countries
Source: GPCA, 2012.
However, Petrochemical share of manufacturing sector contributing to GDP in the GCC differs between GCC countries, at the time it's share was very high reaching 53.2 % in Oman, 25.8 % in the Qatar, 18.2 % in the UAE, 11 % in Saudi Arabia and 10.6 % in Kuwait, it only accounts for 4.6% in Bahrain. Also The share of petrochemicals non-oil exports was 43%, increasing from 117.2 mt to 128.6 mt, which pushed the GCC revenues to rise from 81.5 billion dollars in 2010 to 105.2 billion dollars in 2011. The high prices of petrochemical products pushed exporting volume to increase by 6% and value by 33%. As the share of petrochemical share of manufacturing sector contribution to GDP vary between different countries within the GCC region, also the share of petrochemicals non-oil exports vary between GCC countries as illustrated in figure 13 . In 2011, petrochemical accounted to 72 % from all non-oil exports in Thirdly, GCC countries are aware of their need to create jobs for their citizens, as the unemployment rates varied depending on economic conditions but generally, the overall rate of joblessness for native and foreign segments has increased since 2000, where petrochemical industries are good in providing jobs for unemployed GCC citizens. between gulf countries as it reached a percentage of 52% with a total number of 58000 people in Saudi Arabia, 83% in Bahrain, 48%, in Oman, 26% in Kuwait, 14% in Qatar and 12% in UAE.
As illustrated in figure 17 , annual employment growth in petrochemical sector since 2010 is 15%, which is faster than the growth rate of employment in the manufacturing sector that accounted for 7%, making the petrochemicals the fastest growing sector in the gulf economy and 
Research Design a. Data sources
The study is based on two variables; the independent variable which is US shale gas production, and the dependent variable which is GCC petrochemical production. Data for both variables in its modern form are only viable since mid-2000s as data takes time for collection, adjustments and make it publically as projects takes time to be built, operate and produce. Shale , which means that the study is going to focus on the period when shale gas started to boom to be marked significantly in the petrochemical industry.
b. Variables description
The data set includes one response, which is "GCC Petrochemicals production in million tons" and an explanatory one, which is "withdrawals from shale Gas wells in billion cubic feet".
c. Research Design
The study uses a regression model to statically test the existence of a relation between the dependent and independent variables and in case of existence what is its type. The method is useful for many reasons, especially that it determine the degree of the correlation between variables and its future scenarios. The initial model was: GCC = β0+β1*Shale Gas + e
Where GCC indicates for GCC petrochemicals production in million tons, shale gas indicates to withdrawals from shale gas wells in billion cubic feet, e is the random error. After estimating the regression model, the final model will be as follows GCC = 34.594+0.004*Shale Gas
d. results
The overall results, using linear regression model, indicated that there is a positive linear relation between the GCC Petrochemicals production in million tons and the withdrawals from shale Gas wells in billion cubic feet. However, that doesn't necessarily means that they affect each other, as the model clarifies that the production of one billion cubic feet of shale gas increases the production of petrochemicals by four thousand tons only.
As shown in table 3, the mean average production of shale gas in the United States is Source: Author calculations
As shown in Table 6 , testing hypothesis of shale gas production parameter shows that it is highly significant, which approves the resulted relation and shows it is not a matter of coincidence. Results in table 7 indicate that there is a strong correlation between US shale gas production and GCC petrochemicals production. The degree of correlation is almost 97%, but that does not mean necessarily that they affect each other. 
Conclusion
As illustrated in the model, results indicated that despite the existence of a positive correlation between our two variables the US shale gas production and the GCC petrochemical production, this correlation is still not strong, as the production of one billion cubic feet of US shale gas increases the production of GCC petrochemicals by four thousand tons only. This means that US shale gas revolution still is a local phenomenon and not having an impact on world energy markets in the matter of global gas prices, or feedstocks prices worldwide. The conclusion proves that the study hypothesis is not right, as the increase in U.S. shale gas production have a positive weak relation on the production of GCC petrochemicals. Also analysts believe it is too early to speak of a direct effect from U.S. shale gas on GCC petrochemical production. While the relation is between the two variables is so highly significant, the decrease in GCC's LNGs is expected to lead to a decrease in GCC's petrochemical production, which is likely to happen in the near future according to Booz & co.. As after decades of exporting LNG, in august 2009 the trend converted as the GCC started importing gas when Kuwait received its first LNG cargo from Russia at its fast-track LNG. The six member countries of the GCC collectively hold roughly 23 % of global gas reserves. However, gas supply-demand imbalance in the region has forced the countries of the GCC, with the exception of Qatar, to consider importing gas to meet rapidly rising demand. There are many reasons standing behind those gas shortages, the main one is that natural gas continues to be the most consumed source of power generation in GCC. As shown in figure   20 , 57% of power generation in GCC comes from natural gas and it is predicted to reach 66% in 2025 and 67% in 2030. From another point, natural gas is needed in re-injecting depleted oil fields to maintain reservoir pressure and oil production capacity. For example, the use of natural gas in depleted oil fields re-injection is expected to increase from 18 billion cubic meters in 2008
to approximately 45 billion cubic meters in 2020. From another point, most of GCC natural gas production is tied to OPEC oil production quotes, which waned with global economic recession, which presents a new challenge for managing the gas supply and demand balance. In addition, the long-term gas export commitments that GCC have limits their local supply and represent a key challenge. GCC petrochemical growth cannot be taken for granted. Nevertheless excellent educational facilities, there remains a chronic shortage of professional technologists to work in the many product development centers and scientific institutions that serve the petrochemical sector which is one of the challenges facing the industry in GCC region.
